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ABSTRACT 

Water and fertilizers are the two major agricultural inputs limiting yields in the 

arid and semi-arid regions of the world. Proper knowledge of their influence on crops 

should be obtained for appreciable returns. Therefore, a field study was conducted 

to evaluate the effects of four nitrogen (N) treatments (0, 56,112, and 168 kg N/ha), 

two water (M) levels (39 and 58 cm), and two varieties (V) (Funks G-522DR and 

Conlee Rusler) on dry matter production, total N concentration, and yield of grain 

sorghum (Sorshum bicolor (L.) Moench). 

Total N concentration, dry matter, and grain yield were increased by N 

treatments. Generally, the highest N rate gave the most significant effects; the other 

rates had statistically the same responses. Varieties were different in their dry matter 

and grain yields, but had the same total nitrogen contents, as was suggested by the 

ANOVA and means analysis. There were no detectable interactions among the 

factors. 

Moisture had minimal effect on dry matter and grain yields, but influenced 

total N concentration significantly. Nitrogen contents increased with the higher 

moisture level. 



12 

INTRODUCTION 

The growth and yield of grain sorghum (Sorehum bicolor (L.) Moench), and 

of any other crop for that matter, are highly influenced by many factors (climate and 

agricultural inputs). Some of these factors are water, nutrients, and variety which, 

because of their complexity and interdependence, must be supplied in adequate 

amounts and compatible combinations for successful crop production. 

Water is very important in the soil-plant system as it affects the availability and 

movement of nutrients to and throughout the plant. Consequently, it is the major 

factor limiting production in the arid and semi-arid regions of the world where 

agriculture depends mainly on weather conditions, and the amount and distribution 

of precipitation. Though nutrients may be adequately supplied, they are not efficiently 

used by the plants because proportional soil moisture is not available. Added 

fertilizers under limited moisture may cause severe damage to the plants resulting in 

very poor yields, if any at all. Hence, sufficient soil moisture must be present for the 

efficient absorption and utilization of the recommended fertilizer nutrients for the 

crop in question. 

Each specific crop has an optimum nutrient requirement for maximum yield 

in the environment in which it is grown. The requirement and its relationship with 

other factors of production are assessed by conducting several fertility experiments. 

Excessive fertilization may induce toxicity and reduce growth and subsequent yield. 

Furthermore, the absorption of some elements may be hindered by the interference 
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of other nutrients in excess or deficient in the soil solution. Underfertilization on the 

other hand simply prevents the crop from attaining its normal yield potential. In 

sorghum for example, low N supply may reduce yield by prematurely terminating the 

growth of the plants. High N fertilization increases the stover-to-grain ratio and 

results in lodging of tall plants with weaker stover. These detrimental effects of 

fertilizers can be avoided by proper timing of optimum amounts and careful choice 

of the method of application. 

Varietal differences exist in all field crops in their response to soil moisture 

and fertilization and this is particularly true for grain sorghum. Many drought-tolerant 

varieties of grain sorghum have been developed for the dry areas of the world. 

Varieties with a low water requirement are especially useful in areas with limited 

rainfall and inadequate -irrigation systems. Sorghum varieties also differ in their 

response to N fertilization. The objectives of this research were as follow: 

(i) To establish soil moisture and N uptake relationships and evaluate their 

effects on grain sorghum dry matter and grain yield. 

(ii) To determine N requirements of grain sorghum grown under limited and 

optimum moisture levels. 

(iii) To study the effect of variety on grain sorghum yields when grown under 

different N and water levels. 

(iv) To assess the combined effects of the interaction of N, variety, and 

moisture on the yields of grain sorghum. 
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LITERATURE REVIEW 

Yield potentials of crops are still far from being achieved, though remarkable 

progress has been made in the attempt to increase average yields. Yet, since the 

onset of agriculture, most agronomists have aimed at enhancing agricultural 

production and thus respond to the needs of the exponentially growing world 

population. The growth factors and their interactions which will achieve optimum 

yields have been constantly under study. One area that received particular attention 

in crop research is plant nutrition for it influences yields the most. Martin-Prevel et 

al. (1987) defined plant nutrition as the water, carbon, and nutrients needed by the 

plant as it relates to the environment with intent to grow and reproduce at its full 

potential. However, for the sake of simplicity, it is conventionally accepted that 'plant 

nutrition' refers solely to 'mineral nutrition.' 

Mineral nutrition of plants 

Critical concentration 

The nutritional status of plants and their fertilizer needs have long been 

determined by plant and soil analyses. Farhoomand and Peterson (1968) and Tucker 

(1984) stated that for a nutrient status and a fertilizer recommendation to be accurate 

and profitable, they must be based on an established critical concentration. Macy 

(1936) defined critical concentration as the concentration of a nutrient in the plant 

at the point when maximum yield is approached. He called any nutrient intake below 
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that critical value "poverty adjustment", and any nutrient intake above "luxury 

consumption." While in agreement with this concept, Bates (1971) and Tucker (1984) 

demonstrated in their reviews that the critical nutrient content alone can not be a 

reliable means of deficiency diagnosis. They showed that nutrient contents depended 

on the plant part and its position on the plant, age of the plant at the time of 

collection, genotype of the plant, ion interaction, environment, and type of analysis 

to be performed. And they concluded that all these factors must be taken into 

account for plant analyses to be of any value in the correction of mineral deficiencies 

or in the assessment of fertilizer requirements. 

Ion interaction 

All other factors (genotype and environment) being equal, the primary tool 

to use in order to correctly assess critical levels of a nutrient in a plant is the 

knowledge of the interaction among nutrients. This was strongly suggested by Shear 

et al. (1946), Moore et al. (1957), Dumenil (1961), Bould (1964), Tucker (1984), and 

Martin-Prevel et al. (1987). By definition, there is interaction between nutrients when 

a nutrient(s) supply affects the uptake, distribution among plants parts, and/or 

function of another element(s). Pessarakli and Tucker (1985) indicated that Na+ and 

CI" had specific effects which prevented incorporation of 15N in the protein of cotton. 

Similarly, Eppendorfer et al. (1985) concluded that P and K deficiencies contributed 

to the lower N content in sorghum grains, although N fertilizer had the main 

influence. Dumenil (1961) suggested that fruit trees have higher concentrations of K 
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in leaves than N or P which are in equal contents. But, they found Ca and Mg to be 

less affected by the supply of other nutrients. Mengel and Kirby (1980) noted that 

when N is available in larger quantities, K facilitates the uptake and assimilation of 

N. When attempting to establish Zn critical concentration of some tropical and 

subtropical legumes in 1981, Andrew et al. reported a P interaction so strong that it 

made them reject some data. They warned that P interaction is the main problem to 

watch out for when determining critical levels of Zn in legumes. Brown and Jones 

(1975), working with grain sorghum, observed that P decreases Fe uptake and 

efficiency. They also found that Al interferes in the absorption of P by plants by 

competing with them for the element. From their study on P availability in relation 

to anions and cations, Lewis et al. (1952) concluded that Ca decreases the absorption 

of P of both soil and fertilizer while Na increases it. The authors noted that Mg had 

an intermediate effect on P availability compared with Ca and Na. On the other 

hand, the anions CI, S04, and C03 had variable affects. In general, as salts increased, 

overall P decreased. On corn, Lyness (1936) found that K and Ca absorption was 

dependent on P absorption and furthermore, that uptake of all inorganic elements 

was reduced in a P deficient medium. Ali et al. (1987) reported that wheat plants 

content in both nitrate- and ammonium- N was influenced by K availability. Where 

K was deficient, NH4-N and N03-N uptake and translocation were decreased. This 

effect may be more permanent and stronger on NH4-N than N03-N. Magnesium had 

a slightly lower effect than K on both N intakes. Calcium had no influence. The 
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authors noted that supplying K where it is deficient will improve NOa-N intake and 

translocation, but will not work for NH4-N. The research conducted in 1987 by 

Chatteijee et al. on maize showed that suppressed metabolism leading to slow growth 

and low dry matter production can be attributed to B and Ca deficiencies and their 

interaction. In fact, the interaction is so strongly significant that when the deficiency 

of one element is corrected, existing deficiency of the other element must be 

simultaneously corrected for the positive effect to be obtained. Hons et al. (1986) 

found that N application improved the absorption of all nutrients by sorghum, but P 

had no effect. 

Plant parts and analyses 

Plant parts have different nutrient contents depending upon the mineral 

element and the age of the plant. This idea, as several authors seem to agree, can be 

used as a basis for diagnosis of nutrient deficiency and for determination critical 

levels of nutrients. Tucker (1984) preferred stem tissue or petioles to leaves for the 

determination of plant N concentration. In heading grain sorghum, Batra (1961) 

found lower midribs better than any other parts in determining plant N nutritional 

status, provided that total N is the analysis conducted rather than NOa-N. Hanway 

(1962) confirmed Batra's statement and added that N03-N would be only suitable for 

diagnosis at early stage of crop development. In cotton, however, (Joham, 1951) and 

(Gardner and Tucker, 1967) suggested the use of NOa-N for all stages of growth and 

plant petioles would be preferable. Pew and Gardner (1972) arrived at the same 
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conclusions while working on cantaloupes. For sugarbeet, Ulrich et al. (1959) also 

preferred petiole for N03-N and leaf blades for other elements. As Bates (1971) and 

Tucker (1984) would caution, no single factor operates alone to affect plant growth 

and yield. All known variables should be integrated in the whole scheme of crop 

production for substantial results to be achieved. 

Effects of plant nutrition on yield and growth. 

To increase yield and quality of crops, good fertilizer management has to be 

carefully implemented. It has been long accepted that differences in the final returns 

among most field crops are generally associated with differences in the timing and 

availability of nutrients. Further complexity of nutrient utilization by plants may be 

also reflected by the fact that nutrition is specific to each plant even within the same 

cultivar, when there may be variations in their genetic make-up. 

Many researchers studied extensively plant growth and response to fertilization 

and its timing to define suitable combinations of amounts for maximum yields. In 

1978, Rhoads, et al. conducted a study and concluded that split fertilizer applications 

("program fertilization"), unlike conventional methods (all at once), can reduce 

drought damage and chances of leaching, especially in sandy soils. Maranville et al. 

(1986), studying grain sorghum growth in water logged soils, found that foliage con

tents of the major nutrient (N, P, K, Ca, Mg, S) decreased at boot stage but that 

effect was not as profound at maturity. Maranville et al. (1980) reported that in grain 

sorghum, P alone or combination of P and N increased stover N contents. Roy and 
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Wright (1973 and 1974) also reported that sorghum responded positively to applica

tions of N and P when compared to non fertilized plants. Both grain and dry matter 

yields and N contents of grains were maximum at 120 kg N/ha and 26 kg P/ha 

applications. Similarly, Baker and Blarney (1985) confirmed increased sorghum and 

soybeans grain yields by N fertilization of up to 120 kg N/ha. They also found yield 

increases on sorghum-soybean intercrop where sorghum produced most of the yield 

increase due to a balanced mineral nutrition. Eberhart and Sprague (1973) evaluated 

the possibility of improving maize yield in Kenya and concluded that with or without 

P, yield increases were obtainable by N application. However, the increase due to N 

and P interaction was more significant. Potassium was not deficient while, depending 

on the soils, S limited yields. Clark (1982) reported similar results for sorghum 

production in the arid and semi-arid zones of Africa and Asia. Studying okra in 1986, 

Majanbu and colleagues noted that both its vegetative and reproductive growth were 

more substantially affected by N applications than P treatments. They found that N, 

P, K, and Mg contents of leaves and fruit were increased by N. Tanaka et al. (1984) 

studied N use efficiency (NUE= ratio between yield and N accumulated in the plant) 

of several crops and observed that larger plant N contents lead to lower NUE. They 

mentioned that yield responses (both grain and dry matter) were proportional to N 

applications until a point was reached where N use became inefficient. 
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Moisture requirements and effects on crops 

Moisture is the main factor limiting grain sorghum yields in most areas of the 

world where it is grown (Turner, 1982). Many researchers gave an idea of how 

important water management is to a profitable grain sorghum production. Capiel et 

al. (1978) found that 92.8% of all the variations in yield responses were due to a 

disparity in moisture consumption. While working on sorghum at Bushland, Texas, 

Stewart (1986) obtained grain yield increases of as much as 15.5 kg/ha for each mm 

of water used by evapotranspiration. Several authors (Musick and Grimes, 1961; Brix 

1962; England, 1963; Kramer, 1969; Boyer, 1970; Ross and Webster, 1970; Hsiao and 

Acevado, 1974; Sullivan and Eastin, 1974; and Martin, 1975) further documented the 

effects of plant water deficits on growth, yields, and quality of crops by intensive 

studies involving the manipulation of other agronomic field practices. 

Though for barley, Day et al. (1978) found no evidence for such a claim, the 

most agreed upon conclusion is that crops are much more sensitive to timing than to 

the overall amount of water used (Flinn, 1971; Howel and Hiler, 1975). The use of 

an 'Integrated Moisture Stress' index to monitor soil moisture availability to crops was 

suggested by Tylor in 1952. When measurements are made at precise developmental 

stages the exact time at which stress causes the most yield decrease or lower crop 

quality can be determined. Then, necessaiy adjustments can be made. Day and 

Intalap (1970) stated that substantial yield increases could be obtained from wheat 

when irrigated early at crown-root initiation to jointing stages. Musick et al. (1963) 
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reported that late boot stage was where adequate soil moisture was most necessary 

for grain sorghum plants. But in general, steady yield increases were obtained with 

water and N treatments of up to 120 kg N/ha. As N application increases, ET 

increment of 25 to 50mm was necessary for substantial response. On soybeans 

however, Ashley and Ethridge stated in 1978 that water was more effectively used at 

flowering to improve yields. They also found that during the vegetative growth, irriga

tion may increase production of leaves but may not necessarily increase grain yields. 

Myers and Asher (1982) discovered that available moisture was depleted by rapid 

vegetative growth due to addition of N to rainfed crops. Poor grain filling resulted 

from lack of water. On the other hand, Sharma and Neto (1986) stated that for 

north-eastern Brazil, irrigation is most critical at the vegetative stage and least 

important during grain formation. In 1985, Hooker obtained the highest yields and 

water use efficiency from grain sorghum with planned irrigation at preplant, growth 

differentiation, and boot stages. This, he said, works especially for a limited rainfall 

environment. Hooker's findings confirmed Lewis and Hiler's (1974) who noticed the 

most soil moisture stress effects on sorghum plants during the boot through bloom 

stage where yield reduction was up to 34%. 

Varietal responses to moisture and nitrogen 

Though soil and atmospheric conditions affect the plant "internal water 

balance" (Kramer, 1969), and its nutrient supply, there is evidence that varietal 

differences play some role (Bruetsch and Estes, 1976). Vose (1982) declared that 
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translocation, assimilation and several other processes related to nutrition were 

controlled by specific genes. 

Gascho, Anderson, and Ozaki (1986) reported that N uptake in sugarcane was 

cultivar dependent. Some sugarcane cultivars were known to have better cane and 

sucrose yields because they had higher N contents, both "external" and "internal" (kg 

yield/kg N applied and kg yield/kg N accumulated in above-ground plant parts, 

respectively). According to Hons et al. (1986), sorghum cultivar differences also 

influenced all crop yield responses and nutrients K, Ca, Mg, Fe, and Zn uptake. Only 

P and N removal was not affected. They noted that more nutrients were required by 

sorghum grown for production of energy compared to sorghum produced for feeding 

or food. Lyness (1936) and Baligar and Barber (1979) studied the effects of variety 

on plant nutrition with corn. They found that genetically different cultivars had 

different ion intake. In corn, the properties of the root, which were different from 

one variety to another, controlled this trait. Ashley and Ethridge (1978) noticed 

differences in the response of some soybean varieties to irrigation. 

The previous information indicates that there are some interactions between 

factors of agricutural production. These are the conditions that are present in Niger 

under which future research is to be conducted. The present study evaluated the 

effects of N, water, variety, and their interactions or sorghum grain yield and N 

uptake. 
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MATERIALS AND METHODS 

The experiment was conducted at the Marana Agricultural Center of the 

University of Arizona from May 26 to October 7,1987. The medium was a Pima clay 

loam with a relatively high water holding capacity (about 18.3%). It was classified as 

fine-silty, mixed, thermic, Typic Torrifluvent. The surface horizon (the plow layer) 

contained 1.3% organic matter, had a pH of 7.7, and an ECe of 1.37dS/m on a 

saturated paste basis (Pereira, 1971). The planting was done on May 26 with a two-

row planter. Prior to and soon after planting, the field was furrow-irrigated 30cm to 

provide adequate moisture for germination. There were four 12m-long rows per plot 

and the rows were placed lm apart. 

Experimental design. The design used for the research was a split-split plot 

with two irrigation levels (M) as main plots, two varieties (V) as subplots, and four 

nitrogen rates (N) as sub-subplots. There were four replications. The study used a 

drip irrigation system to convey the two water levels which consisted of limited and 

optimum treatments. The limited moisture was a simulation of the average annual 

rainfall of Niger which varies from 15 to 90cm. Indeed, according to the work of 

Reddy, et al. (1985) and other research in Niger, the amount (and distribution) of 

rainfall and low soil fertility are major factors responsible for the low to nil yields 

generally obtained. For this experiment, 39cm (67% of the optimum) were applied 

as dry treatment with a frequency of five to a maximum of seven days. The optimum 

moisture amounted to 58cm applied at a three to five day maximum frequency. Both 
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amounts include rainfall and preplant irrigation. The varieties used in the study were 

Conlee Rustler (VI) and Funks G-522DR (V2); the latter was selected as the most 

drought tolerant. After stand was established, plants were thinned to 25m for the 

optimum moisture and 9m for the minimum moisture level. Nitrogen (urea 46-0-0) 

was provided in a single application on June 18,1987,3 weeks after planting. It was 

side-dressed, injected 10cm deep and approximately 10cm away from the plants on 

one side of the row. The rates used were 0, 56, 112, and 168kg N/ha. 

Soil and irrigation water tests. Soil samples were taken randomly across the 

field before planting and water samples were collected following each irrigation. All 

these samples were analyzed for N03-N by Micro Kjeldahl method with MgO and 

Devarda's alloy. Titration was made by using 0.005N KH (I03)2. Saturated paste ECe 

of the soil samples was determined by using the Solubridge. These preliminary tests 

were done to insure uniformity for the factors that are not part of the experiment. 

Sample collection and analyses. At physiological maturity, two 0.5m tissue 

samples were taken in each plot. The samples consisting of leaves, stalks, and heads 

were dried at 70°C for two to three days, weighed, and ground to pass a 20-mesh 

screen. Prior to grinding, the number of heads in each sample were recorded. Then 

N taken up in these plant parts was determined by the Kjeldahl method. Subsequent

ly, 19m of row were harvested for grain yield and weighed in each plot. All data 

collected were analyzed by ANOVA. 
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RESULTS AND DISCUSSION 

The samples were essentially measured for dry weight of plant parts at 

physiological maturity and analyzed for total N contents. The number of heads per 

treatment and grain yields were determined. Following the collection of all data, 

separate analyses of variance (ANOVA) and means of plant parts were conducted 

on their N concentration, dry matter, head counts and grain yields. The results along 

with the data will be presented in tables and appendices. However, only the 

statistically significant effects of factors are considered in the following discussion. 

Grain yield from combine harvest 

From the ANOVA (Appendices Ax and A2) and the mean comparisons 

(Table 1), only N results were highly significant. The highest treatment (168 kg N/ha) 

had the best yield. The other treatments gave yields similar to the control. The mean 

comparison indicated that the two varieties were not similar in terms of their grain 

yields. Funks G-522DR was higher yielding than Conlee Rustler, as reflected in 

Table 2. This is in agreement with the findings of Voigt and Schmalzel (1986). 

However, there were no statistically acceptable interactions or water effects, contrary 

to what was expected. 

In general, the grain yield of both varieties was low considering that sorghum 

has higher yield potentials than that obtained in this experiment. Stewart et al. (1975) 

reported irrigated sorghum grain yields as high as 9,790 kg/ha for full irrigation 

treatment and 7,975 kg/ha from plots only irrigated at heading and thereafter. Voigt 
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TABLE 1. Mean grain yield for four nitrogen treatments averaged over two water 
levels and two varieties at physiological maturity. 

N treatments Mean Yield 

kg N/ha kg/ha 

0 2168 a* 

56 2228 a 

112 2462 a 

168 3016 b 

'Means followed by the same letters are not statistically different at the 5% level of 
significance. 

TABLE 2. Mean grain yield for two varieties averaged over four nitrogen 
treatments and two water levels at physiological maturity. 

Variety Mean Yield 

kg/ha 

Conlee Rustler (VI) 2254 a* 

Funks G-522DR (V2) 2683 b 

'Means followed by the same letters are. not statistically different at the 5% level of 
significance. 
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and Schmalzel (1986) also obtained higher results with the same varieties at the same 

location. They reported 15% lodging for Funks G-522DR and as much as 31% for 

Conlee Rusler. Though not evaluated, some lodging was also observed in this study, 

particularly in the optimum moisture plots. It was found to be caused by a stalk rot 

of the Fusarium species which contributed to the overall low yields herein presented. 

Head responses 

The results of head count, N content, and dry matter production are presented 

in Appendices Bj through D3. 

The ANOVA (Appendix B2) indicated that irrigation treatment was very 

significant. The optimum moisture level had a greater number of heads. Similar 

results were released in 1986 by Mohamoud et al. who studied pearl millet and 

observed yield decreases that might be associated with reduction in number of 

"productive tillers" due to moisture deficits. Campbell and Davidson (1979) confirmed 

also that stress greatly reduced tiller survival. The same response was not obtained 

with the varieties, N, or their interactions with one another and with water. 

Heads produced the highest dry matter among all plant parts under 

investigation. Significant results were obtained in the variety factor where Funks 

G-522DR performed better than Conlee Rustler (Table 3). Heads dry matter 

production was also positively related to levels of N, in spite of the fact that mean 

analysis (Table 4) showed only the highest N rate (168 kg N/ha) to be statistically 

different from the lower rates. Water had no effect on heads dry matter yield and 
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neither did any possible interactions. 

Water had a significant influence on the concentration of N in the grain 

sorghum heads (Table 5 and Figure 1). However, N treatments had a greater 

significance. The higher the N rate, the greater the heads N percentage. As shown 

on Table 6, N concentration gradually increaded with increasing rate of N application. 

Like in the previous results, expected interactions between factors did not affect 

the N concentration of grain sorghum heads. In addition, the varietal differences 

observed in the heads dry matter were not found here. 

Stalk Responses 

Results of stalk dry matter and N concentration are presented in Appendices 

Ej through F3 along with the means analyses Tables 7 and 8. 

Moisture and N treatments failed to have any positive effect on stalk dry 

matter. And the possible interactions had statistically no meaningful relationships with 

dry matter production. The only detectable effect was that of variety as illustrated 

in Appendix Ej. 

On the other hand, stalk N concentration was highly affected by N treatments. 

Fertilized plants were similar in their response and had greater stalk N concentrations 

than plants that did not receive any fertilizer. The results also showed appreciable 

irrigation effects on N concentration by grain sorghum stalk. According to the mean 

comparison, moisture up to the optimum level increased N concentration significantly. 



29 

TABLE 3. Mean dry matter of heads production for the two varieties averaged 
over four nitrogen treatments and two water levels at physiological 
maturity. 

Variety Dry Matter 

kg/ha 

Conlee Rustler 4486 a* 

Funks G-522DR 5638 b 

'Means followed by the same letters are not statistically different at the 5% level of 
significance. 

TABLE 4. Mean dry matter of heads for the four nitrogen treatments averaged 
over two water levels and two varieties at physiological maturity. 

N Treatment Dry Matter 

kg N/ha kg/ha 

0 4548 a* 

56 4870 a 

112 4953 a 

168 5877 b 

'Means followed by the same letters are not statistically different at the 5% level of 
significance. 
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TABLE 5. Mean nitrogen percentage of heads for the two water levels averaged 
over four nitrogen treatments and two varieties at physiological 
maturity. 

Moisture(Water) Levels N Concentration 

% 

Ml (Dry) 2.71 a* 

M2 (Optimum) 3.12 b 

*Means followed by the same letters are not statistically different at the 5% level of 
significance. 

TABLE 6. Mean nitrogen percentage of heads for the four nitrogen treatments 
averaged over two water levels and two varieties at physiological 
maturity. 

N Treatments N Concentration 

kg N/ha % 

0 2.65 a* 

56 2.89 b 

112 2.97 be 

168 3.17 c 

'Means followed by the same letters are not statistically different at the 5% level of 
significance. 
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Variety was not a factor determining N concentration in stalk; neither were the 

factorial interactions. 

Leaf Responses 

Leaf dry matter was affected by none of the factors or their interactions with 

each other as shown in Appendix Gj. Interaction effects on N concentration of leaves 

between and among the factors were also insignificant. Variety and water did not 

influence the concentration of N in leaves which was found to be exclusively 

dependent on the fertility level of the soil. 

Total above-ground dry matter 

Total above-ground diy matter and its N uptake were determined. This was 

done to evaluate the effects of water, variety, and nitrogen on the plant dry matter 

production and N uptake. The results are summed up in Appendices H: through J2 

and Figures 2 and 3. 

As in the case of plant parts, grain sorghum total dry matter was proportional 

to applied fertilizer and variety dependent (Figure 3). Funks G-522DR produced 

consistently more dry matter than Conlee Rustler. Fertilized plots were more 

productive than unfertilized plots. These variations existed even between the 

fertilized plants themselves. Water effect was minimal on dry matter, but was very 

high on total N concentration. Nitrogen treatments were correlated with total N 

uptake of plant parts which increased as N treatment increased (Figure 2). The 
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increase from one treatment to the next was not substantial. Increasing N rates also 

increased N concentrations in tissue, but resulted in a constant total N uptake. 

TABLE 7. Mean nitrogen percentage of stalks for the two water levels averaged 
over four nitrogen treatments and two varieties at physiological 
maturity. 

Moisture(Water) Levels N Concentration 

% 

Ml (Dry) 0.77 a* 

M2 (Optimum) 1.05 b 

'Mean followed by the same letters are not statistically different at the 5% level of 
significance. 

TABLE 8. Mean nitrogen percentage of stalks for the four nitrogen treatments 
averaged over two water levels and two varieties at physiological 
maturity. 

N Treatments N Concentration 

kg N/ha % 

0 0.72 a* 

56 0.92 b 

112 0.97 b 

168 1.02 b 

'Means followed by the same letters are not statistically different at the 5% level of 
significance. 
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Figure 1. Nitrogen Concentration of Grain Sorghum Heads at 
Physiological Maturity as Affected by Nitrogen Treatment and 
Water. 
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Figure 2. Nitrogen Uptake of Whole Plant, Heads, Stalks, and Leaves of 
Grain Sorghum as Affected by N Treatment and Water. 
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SUMMARY AND CONCLUSION 

The effects of irrigation fwater't 

Soil moisture effect did not influence grain yield of the two grain sorghum 

varieties, but positively affected the number of heads produced per plant (P = 0.01). 

This may be due to the increased number of tillers promoted by adequate irrigation. 

Water treatment also had minimal effect on specific plant parts or total above-

ground dry matter production. This discrepancy could have been created by several 

, factors. Most of the plots, especially those treated with the optimum moisture, were 

infested by stalk rot (Fusarium sp.) and leaf blight (Helminthosporium sp.) which 

might have prevented proper available water absorption. At the very least, this 

infestation caused some lodging and subsequently lowered grain and dry matter 

productivity. 

However, a significant relationship was found between the N uptake and the 

moisture level in this study. As expected, plots receiving normal irrigation had higher 

N uptake than those receiving minimum amount of water. These results are in 

agreement with Lockman (1972) in so far as correlation between N content and soil 

moisture is concerned. In the plant parts analyses, only leaves did not respond sig

nificantly to irrigation as far as their N concentration was concerned. Sorghum heads 

contained by far a higher N concentration than any other plant parts at the end of 

the growing period. 
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The effects of nitrogen treatments 

Significant differences were found between the plots fertilized and non-

fertilized. At 1% level of probability, N treatments increased grain yields of the two 

varieties steadily. The highest N rate produced more grain than even the other N 

treated plots. A highly consistent response was also obtained from the total above-

ground plant matter N percentage and at 5% level from the total dry matter 

production. 

With the exception of leaves, all plant parts responded favorably to additions 

of N where their N concentration and dry matter were concerned. Heads produced 

by far more dry matter and contained more N than any other plant part at any given 

fertility level, while leaves had significant response only in their N concentration. 

These results conformed with the study by Roy and Wright (1974) concluding that in 

grain sorghum close to maturity head N supply came from both translocation from 

leaves and stems,and fertilization. The field experiments of Eppendorfer et al. 

(1985) also verified that N fertilizer was the major factor influencing N percentage 

in grain of sorghum. 

The effects of variety 

Throughout the experiment, variety continuously had a significant influence on 

above-ground matter and plant parts dry matter production. This was not true for 

leaf dry matter which might have been reduced by the occurrence of the leaf blight. 

On the other hand, even with the stalk rot infestation, the stalk dry matter remained 
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a function of variety. It is possible that the varieties differ in their resistance to the 

stalk rot disease which explains the discrepancy in their response. This concurs with 

Voigt, Carasso, and Schmalzel (1985) who offered evidence of resistance of some 

sorghum hybrids to "Yuma Root Rot". Nitrogen concentrations of above-ground 

matter or plant parts was not significantly affected by variety. 

Finally, Figure 3 shows what might be interpreted as an interaction effect on 

dry matter. However, this was not reflected by the analysis to variance. The only 

possible explanation for the differences in the shape of the curves could be attributed 

to the differences observed in the varieties in terms of their resistance to the diseases 

previously discussed. Indeed, as moisture was increased, conditions might have 

become more favorable to fungal growth to which Funks G-522DR is more resistant 

than Conlee Rustler. The fact was that in this experiment, for grain sorghum, no 

interactions were found among all factors under investigation at physiological 

maturity, contrary to what was expected. 
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APPENDIX A, 

Grain yield of two sorghum varieties grown under two irrigation levels and four 
nitrogen treatments in a split-split plot design with water as mainplot, variety as 
subplot, and nitrogen as sub-subplot factors replicated four times. 

Grain yield (kg/ha) 

Conlee Rustler Funks G-522DR 

Moisture RepI RepII RepIII RepIV Repl RepII RepIII RepIV 

Ml (Dry) 2011 2132 

M2 (Opt.) 1000 2232 

Ml 2316 2526 

M2 1368 2326 

Ml 2379 2579 

M2 3053 2316 

Ml 2947 2684 

M2 3579 3642 

N1 (0 kg N/ha) 

2305 1868 2211 

1526 2263 2211 

N2 (56 kg N/ha) 

2779 1816 2342 

1158 1974 2895 

N3 (112 kg N/ha) 

1316 2500 2421 

1789 1474 3158 

N4 (168 kg N/ha) 

2763 2737 2895 

1579 3184 4474 

2442 3242 3211 

2237 2263 2211 

2716 1737 2747 

1895 4684 1737 

2547 2184 3289 

1947 2632 1158 

2343 2558 1842 

3184 5368 3079 
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APPENDIX A. 

Analysis of variance for the sorghum grain yield. 

Source of Computed Tabular F 
variation df SS MS F 5% 1% 

Mainolot 

Replication 3 2.385e6 7.949e5 

Water (A) 1 2.291e4 2.291e4 <1 - -

Error (a) 3 8.360e6 2.787e5 

SubDlot 

Variety (B) 1 2.949e6 2.949e6 5.55ns 5. 99 13 .74 

A*B 1 9.027e5 9.027e5 1.70ns 5. 99 13 .74 

Error (b) 6 8.678e6 1.446e6 

Sub-subtDlot 

Nitrogen (C) 3 7.403e6 2.468e6 4.50** 2. 86 4 

C
O

 C
O

 

• 

A*C 3 4.316e6 1.439e6 2.57ns 2. 86 4 .38 

B*C 3 3.504e5 1.168e5 <1 - -

A*B*C 3 2.385e6 7.949e5 <1 - -

Error (c) 36 1.168e7 3.246e5 

Total 63 4.036e7 

Grand mean Mean Mean 

2468 Ml 2449 VI 2254 **= significant at 1% level 

M2 2487 V2 2683 ns= non significant 
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Number of heads on irrigated grain sorghum per half meter of row harvested at 
physiological maturity. 

Heads per half meter 

Conlee Rustler Funks G-522DR 

Moisture RepI RepII RepIII RepIV RepI RepII RepIII RepIV 

Nl (0 kg N/ha) 

Ml (Dry) 7 6877988 

M2 (Opt.) 8 11 11 12 7 9 13 11 

N2 (56 kg N/ha) 

M l  7 8  1 0  7 6 9 6 7  

M2 7 12 11 10 8 12 12 12 

N3 (112 kg N/ha) 

M l  8 9 6 9 7 8 9 7  

M2 8 13 11 14 8 9 12 9 

N4 (168 kg N/ha) 

M l  5 7 7 9 8 7  1 0  6  

M2 9 12 10 14 11 10 11 14 
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APPENDIX B? 

Analysis of variance for the number of head 

Source of 
variation df SS MS 

Computed Tabular F 
F 5% 1% 

Mainolot 

Replication 3 51.92 17.31 

Water (A) 1 15.31 15.31 70.09** 10.13 34.12 

Error (a) 3 35.98 11.99 

Subolot 

Variety (B) 1 0.141 0.141 <1 -

A*B 1 0.766 0.766 <1 -

Error (b) 6 16.47 2.745 

Sub-subplot 

Nitrogen (C) 3 2.297 0.766 <1 -

A*C 3 4.672 1.557 <1 -

B*C 3 6.172 2.057 <1 -

A*B*C 3 8.797 2.932 1.34ns 2.86 4.38 

Error (c) 36 61.81 1.717 

Total 63 32.62 

Grand mean 

9.11 Ml 

Mean 

7.56 

Mean 

VI 9.16 

**= significant at 1% level 
of significance 

M2 10.66 V2 9. 06 ns= non significant 
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Dry matter production of heads at pysiological maturity. 

Drv matter (kg/ha) 

Conlee Rustler Funks G-522DR 

Moisture RepI RepII RepIII RepIV RepI RepII RepIII RepIV 

Ml (Dry) 7043 5359 

M2 (Opt.) 6713 7254 

Ml 4313 4949 

M2 6938 2954 

Ml 4273 6184 

M2 2648 2494 

Ml 2618 2694 

M2 3828 4919 

N1 (0 kg N/ha) 

5798 2474 6848 

2703 5394 7523 

N2 (56 kg N/ha) 

5828 5994 4288 

3228 3344 6263 

N3 (112 kg N/ha) 

2758 4529 6378 

3978 3154 5768 

N4 (168 kg N/ha) 

3883 4394 8608 

4888 6029 6858 

6614 6958 6919 

4699 6403 5334 

8439 3058 6389 

2639 5128 4171 

5189 6038 6504 

4529 4968 3383 

6184 5908 4449 

5744 3933 4304 
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Analysis of variance for the head diy matter. 

Source of 
variation df SS MS 

Computed 
F 

Tabular 
5% 

F 
1% 

Mainolot 

Replication 3 9. 178e6 3. 059e6 

Water (A) 1 6. 088e6 6. 088e6 3.19ns 10.13 34 .12 

Error (a) 3 7. 170e6 2. 390e6 

Subplot 

Variety (B) 1 2. 124e7 2. 124e7 11.12* 5.99 13 .74 

A*B 1 3. 289e6 3. 289e6 1.72ns 5.99 13 .74 

Error (b) 6 6. 371e6 1. 062e6 

Sub-subDlot 

Nitrogen (C) 3 1. 562e7 5. 206e6 2.93* 2.86 4 .38 

A*C 3 6. 435e6 2. 145e6 1.12ns 2.86 4 .38 

B*C 3 4. 127e6 1. 376e6 <1 -

A*B*C 3 4. 905e6 1. 635e6 <1 - -

Error (c) 36 7. 443e7 2. 067e6 

Total 63 1. 568e8 

Grand mean Mean Mean *= significant at 5% level 
of significance 

5062 Ml 5370 VI 4486 

M2 4753 V2 5638 ns= non significant 
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APPENDIX D1 

Nitrogen uptake of grain sorghum heads at physiological maturity. 

Nitrogen Uptake (g/m2) 

Conlee Rustler Funks G-522DR 

Moisture Reps I II III IV Reps I II III IV 

N1 (0 kg N/ha) 

Ml(Dry) 16.34 11.52 14.38 7.08 15.48 15.61 19.06 16.74 

M2(Opt.) 15.91 12.98 9.16 17.31 20.92 12.69 17.35 12.43 

N2 (56 kg N/ha) 

Ml 10.57 10.59 16.43 17.20 10.59 21.27 8.62 16.42 

M2 20.40 8.33 11.23 10.77 20.10 7.97 16.92 12.55 

N3 (112 kg N/ha) 

Ml 10.47 13.73 8.30 13.90 16.84 12.19 17.51 21.40 

M2 8.69 8.16 13.88 11.86 18.05 13.86 17.09 10.55 

N4 (168 kg N/ha) 

Ml 8.46 8.22 12.78 13.75 24.96 16.88 17.72 14.68 

M2 12.90 16.68 17.30 22.85 21.60 17.58 13.88 14.29 
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APPENDIX D. 

Total nitrogen concentration in grain sorghum heads at physiological maturity. 

Total nitrogen (%) 

Conlee Rustler Funks G-522DR 

Moisture RepI RepII RepIII RepIV RepI RepII RepIII RepIV 

N1 (0 kg N/ha) 

2.15 2.48 2.86 2.26 2.36 2.74 2.42 

1.79 3.39 3.21 2.78 2.70 2.71 2.33 

N2 (56 kg N/ha) 

2.14 2.82 2.87 2.47 2.52 2.82 2.57 

2.82 3.48 3.27 3.21 3.02 3.30 3.01 

N3 (112 kg N/ha) 

2.22 3.01 3.07 2.64 2.35 2.90 3.29 

3.27 3.49 3.76 3.13 3.06 3.44 3.12 

N4 (168 kg N/ha) 

3.05 3.29 3.13 2.90 2.73 3.00 3.30 

3.39 3.54 3.79 3.15 3.06 3.53 3.32 

Ml (Dry) 2.32 

M2 (Opt.) 2.37 

Ml 2.45 

M2 2.94 

Ml 2.45 

M2 3.28 

Ml 3.23 

M2 3.37 
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APPENDIX 

Analysis of variance for the nitrogen concentration of heads. 

Source of 
variation df SS MS 

Computed Tabular F 
F 5% 1% 

Mainolot 

Replication 3 2. 311 0.771 

Water (A) 1 2. 731 2.731 29.00* 10.13 34.12 

Error (a) 3 1. 200 0.400 

Subplot 

Variety (B) 1 0. 102 0.102 1.09ns 5.99 13.74 

A*B 1 0. 064 0.064 <1 -

Error (b) 6 0. 667 0.111 

Sub-subplot 

Nitrogen (C) 3 2. 191 0.730 7.76** 2.68 4.38 

A*C 3 0. 087 0.029 <1 -

B*C 3 0. 290 0.097 1.03ns 2.86 4.38 

A*B*C 3 0. 132 0.044 <1 -

Error (c) 36 3. 483 0.097 

Total 63 11. 22 

Grand mean 

2.92 Ml 

Mean 

2.71 VI 

Mean 

2.88 

*= significant at 5% 
of significance 

level 

M2 3.12 V2 2.96 **= significant at 1% 
ns= non significant 

level 
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APPENDIX E, 

Dry matter production of stalks at physiological maturity. 

Drv matter (kg/ha) 

Conlee Rustler Funks G-522DR 

Ml (Dry) 3358 

M2 (Opt.) 4288 

Moisture RepI RepII RepIII RepIV RepI RepII RepIII RepIV 

N1 (0 kg N/ha) 

3379 3848 3819 4138 

4529 3408 3464 4123 

N2 (56 kg N/ha) 

3209 3923 4154 3298 

3299 4098 2934 4178 

N3 (112 kg N/ha) 

3719 3138 3894 4018 

3144 3363 3804 3968 

N4 (168 kg N/ha) 

3754 2483 3789 4468 

3764 3173 4184 4758 

Ml 

M2 

Ml 

M2 

Ml 

M2 

3198 

4028 

3088 

3612 

3018 

3168 

3914 4028 3809 

3459 5038 5374 

3834 3168 3734 

2574 4812 3923 

3674 4448 4359 

3114 3908 3373 

3394 3928 3839 

3294 3707 3874 
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APPENDIX K, 

Analysis of variance for the stalk dry matter. 

Source of 
variation df SS MS 

Computed 
F 

Tabular F 
5% 1% 

Mainolot 

Replication 3 1.354e6 4 .  512e5 

Water (A) 1 2.395e5 2. 395e5 <1 - -

Error (a) 3 1.248e6 4 .  159e5 

Subnlot 

Variety (B) 1 2.065e6 2. 065e6 7.66* 5.99 13.74 

A*B 1 1.766e4 1. 766e4 <1 - -

Error (b) 6 3.083e6 5. 138e5 

Sub-subDlot 

Nitrogen (C) 3 1.394e6 4 .  647e5 1.72ns 2.86 4.38 

A*C 3 9.497e5 3. 166e5 1.17ns 2.86 4.38 

B*C 3 4.265e5 1. 422e5 <1 - -

A*B*C 3 5.843e5 1. 948e5 <1 - -

Error (c) 36 7.907e6 2. 196e5 

Total 63 1.916e7 

Grand mean Mean Mean *= significant at 5% level 
of significance 

3743 Ml 3682 VI 3563 

M2 3804 V2 39.23 ns= non significant 
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APPENDIX Ft 

Nitrogen uptake of grain sorghum stalks at physiological maturity. 

Nitrogen Uptake (g/m2) 

Conlee Rustler Funks G-522DR 

Moisture Reps I II III IV Reps I II III IV 

N1 (0 kg N/ha) 

Ml (Dry) 1.75 1.72 3.16 2.37 2.28 2.31 2.01 2.25 

M2 (Opt.) 2.27 2.94 4.06 3.88 2.80 2.91 5.69 3.87 

N2 (56 kg N/ha) 

Ml 1.66 2.98 3.26 3.36 2.67 3.34 2.38 3.44 

M2 3.02 2.64 4.59 3.99 5.81 2.34 6.16 2.51 

N3 (112 kg N/ha) 

Ml 2.81 3.38 2.35 4.56 2.61 2.54 3.11 3.97 

M2 3.00 2.80 5.08 5.44 4.09 3.55 5.12 2.46 

N4 (168 kg N/ha) 

Ml 2.26 2.78 2.26 3.33 3.35 2.27 3.57 3.88 

M2 5.10 4.29 3.55 5.36 4.95 2.80 4.86 4.84 
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APPENDIX R 

Total nitrogen concentration in stalks at physiological maturity. 

Total nitrogen (%) 

Conlee Rustler Funks G-522DR 

Moisture RepI RepII RepIII RepIV RepI RepII RepIII RepIV 

N1 (0 kg N/ha) 

Ml (Dry) 0.52 0.51 0.82 0.62 0.55 0.59 0.50 0.59 

M2 (Opt.) 0.53 0.65 1.19 1.12 0.68 0.84 1.13 0.72 

N2 (56 kg N/ha) 

Ml 0.52 0.93 0.87 0.81 0.81 0.87 0.75 0.98 

M2 0.75 0.80 1.12 1.36 1.39 0.91 1.28 0.64 

N3 (112 kg N/ha) 

Ml 0.91 0.91 0.75 1.17 0.65 0.69 0.7 0.91 

M2 0.83 0.89 1.51 1.43 1.03 1.14 1.31 0.73 

N4 (168 kg N/ha) 

Ml 0.75 0.74 0.91 0.88 0.75 0.67 0.91 1.01 

M2 1.61 1.14 1.12 1.28 1.04 0.85 1.31 1.25 
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APPENDIX F, 

Analysis of variance for the nitrogen concentration of stalks. 

Source of 
variation df SS MS 

Computed 
F 

Tabular F 
5% 1% 

Mainnlot 

Replication 3 0.443 0.148 

Water (A) 1 1.274 1.274 30.58* 10.13 34.12 

Error (a) 3 0.336 0.112 

Subnlot 

Variety (B) 1 0.049 0.049 1.17ns 5.99 13.74 

A*B 1 0.002 0.002 <1 --

Error (b) 6 0.448 0.075 

Sub-subplot 

Nitrogen (C) 3 0.800 0.267 6.40** 2.86 4.38 

A*C 3 0.052 0.017 <1 - -

B*C 3 0.095 0.032 <1 -

A*B*C 3 0.042 0.014 <1 -

Error (c) 36 1.198 0.033 

Total 63 4.633 

Grand mean Mean Mean *= significant at 5% level 
of significance 

0.91 Ml 0.77 VI 0.94 

M2 1.05 2 0.88 **= significant at 1% level 
ns= non significant 
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APPENDIX G1 

Dry matter production of leaves at physiological maturity. 

Drv matter (kg/ha) 

Conlee Rustler Funks G-522DR 

Moisture RepI RepII RepIII RepIV RepI RepII RepIII RepIV 

Ml (Dry) 3042 3144 

M2 (Opt.) 3848 3814 

Ml 3148 3339 

M2 3448 3524 

Ml 2988 3479 

M2 3938 3764 

Ml 1743 3564 

M2 3078 3894 

Nl (0 kg N/ha) 

3648 3069 4143 

3778 2914 3118 

N2 (56 kg N/ha) 

4448 4164 2888 

4437 2809 3418 

N3 (112 kg N/ha) 

2508 3589 4278 

3588 3899 3243 

N4 (168 kg N/ha) 

2428 3519 4008 

3323 3904 3763 

3444 3478 3389 

2984 3738 4434 

3769 2798 3484 

2754 5008 3686 

3269 4213 4134 

2634 3448 3483 

3144 3788 3584 

2459 3798 3719 
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APPENDIX G2 

Analysis of variance for the leaf dry matter. 

Source of 
variation df SS MS 

Computed 
F 

Tabular 
5% 

F 
1% 

Mainolot 

Replication 3 1.356e6 4.520e5 

Water (A) 1 2.520e5 2.520e5 <1 - -

Error (a) 3 1.142e6 3.807e5 

SubDlot 

Variety (B) 1 2.160e5 2.160e5 <1 - -

A*B 1 1.067e6 1.067e6 3.54ns 5.99 13. 74 

Error (b) 6 4.075e6 6.791e5 

Sub-subDlot 

Nitrogen (C) 3 4.095e5 1.365e5 <1 - -

A*C 3 2.222e5 7.408e4 <1 - -

B*C 3 6.119e5 2.040e5 <1 - -

A*B*C 3 2.500e6 8.333e5 2.18ns 

00 C
M

 

38 

Error (c) 36 8.573e6 2.381e5 

Total 63 2.021e7 

Grand mean Mean Mean 

3489 Ml 3426 VI 3431 ns= not significant 

M2 3552 V2 3547 
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Nitrogen Uptake (g/m2) 

Conlee Rustler Funks G-522DR 

Moisture Reps I II III IV Reps I II III IV 

N1 (0 kg N/ha) 

Ml (Dry) 4.17 4.40 5.11 5.22 6.26 4.55 4.59 4.41 

M2 (Opt.) 4.73 5.49 5.93 3.38 3.12 4.21 4.75 6.78 

N2 (56 kg N/ha) 

Ml 4.75 5.61 6.72 8.37 5.11 4.86 5.54 4.88 

M2 4.59 5.81 8.25 3.88 5.06 4.54 11.07 5.42 

N3 (112 kg N/ha) 

Ml 4.48 4.07 4.89 5.99 6.85 4.61 7.20 6.37 

M2 7.84 6.70 4.99 6.39 5.19 4.63 4.03 6.23 

N4 (168 kg N/ha) 

Ml 3.02 6.13 3.91 5.38 6.21 4.40 5.72 5.73 

M2 4.76 6.07 5.02 6.36 5.12 3.59 5.20 5.62 
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Total nitrogen concentration in leaves at physiological maturity. 

Total nitrogen (%) 

Conlee Rustler Funks G-522DR 

Moisture RepI RepII RepIII RepIV RepI ReplI RepIII RepIV 

Nl (0 kg N/ha) 

Ml (Dry) 1.37 1.40 1.40 1.70 1.51 1. 32 1. 32 1. 30 

M2 (Opt.) 1.23 1.44 1.57 1.16 1.00 1. 41 1. 27 1. 53 

N2 (56 kg N/ha) 

Ml 1.51 1.68 1.51 2.01 1.77 1. 29 1. 98 1. 40 

M2 1.33 1.65 1.86 1.38 1.48 1. 65 2. 21 1. 47 

N3 (112 kg N/ha) 

Ml 1.50 1.17 1.95 1.67 1.60 1. 41 1. 71 1. 54 

M2 1.99 1.78 1.39 1.64 1.60 1. 00 1. 17 1. 79 

N4 (168 kg N/ha) 

Ml 1.73 1.72 1.61 1.53 1.55 1. 40 1. 51 1. 60 

M2 1.22 1.56 1.51 1.63 1.36 1. 46 1. 37 1. 51 
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Analysis of variance for the nitrogen concentration of leaves. 

Source of Computed Tabular F 
variation df SS MS F 5% 1% 

Mainolot 

Replication 3 1.71e-l 5.71e-2 

Water (A) 1 6.96e-2 6.96e-2 1 .34ns 10.13 34 .12 

Error (a) 3 1.44e-l 4.80e-2 

Subolot 

Variety (B) 1 7.91e-2 7.91e-2 1 .52ns 5.99 13 .74 

A*B 1 2.64e-4 2.64e-4 <1 - -

Error (b) 6 2.75e-l 4.58e-2 

Sub-subolot 

Nitrogen (C) 3 5.77e-l 1.92e-l 3 .71* 2.86 4 .38 

A*C 3 3.70e-2 1.23e-2 <1 - -

B*C 3 8.22e-2 2.74e-2 <1 -

A*B*C 3 1.45e-l 4.84e-2 <1 - -

Error (c) 36 1.945 5.40e-2 

Total 63 3.499 

Grand mean Mean Mean *= significant at 5% level 
of significance 

1.52 Ml 1.49 VI 1.56 

M2 1.55 V2 1.49 
ns= non significant 
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Nitrogen uptake (g/m2) 

Conlee Rustler Funk.3 G-522DR 

Moisture Reps I II III IV Rep I II III IV 

N1 (0 kg N/ha) 

Ml(Dry) 22.26 17.64 22.65 14.67 24.02 22.47 25.66 23.40 

M2(Opt.) 22.91 21.35 19.15 24.57 26.84 19.81 27.79 23.10 

N2 (56 kg N/ha) 

Ml 16.98 19.12 26.41 28.93 18.37 29.47 16.54 24.74 

M2 28.01 16.78 24.07 18.64 30.97 14.85 34.15 20.48 

N3 (112 kg N/ha) 

Ml 17.76 21.18 15.54 24.45 26.30 19.34 27.82 31.74 

M2 19.53 17.66 23.95 23.69 27.33 22.04 26.24 19.24 

N4 (168 kg N/ha) 

Ml 13.74 17.13 18.95 22.46 34.52 23.55 27.01 24.29 

M2 22.76 27.04 25.87 34.57 31.67 23.97 23.94 24.75 
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Total above-ground dry matter production of grain sorghum at physiological maturity. 

Drv matter (Kg/ha) 

Conlee Rustler Funks G-522DR 

Moisture RepI RepII RepIII RepIV RepI RepII RepIII RepIV 

N1 (0 kg N/ha) 

Ml (Dry) 13443 11872 13294 9362 15129 13972 14464 14117 

M2 (Opt.) 14849 15597 9889 11772 14764 11142 15179 15142 

N2 (56 kg N/ha) 

Ml 10659 11497 14199 14312 10474 16042 9024 13607 

M2 14414 9777 11763 9087 13859 7967 14948 11780 

N3 (112 kg N/ha) 

Ml 10349 13382 8404 12012 14674 12132 14699 14997 

M2 10198 9402 10929 10857 12979 10277 12324 10239 

N4 (168 kg N/ha) 

Ml 7379 10012 8794 11702 17084 12722 13624 11872 

M2 10074 12577 11384 14117 15379 11497 11438 11897 
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Analysis of variance for the total above-ground dry matter. 

Source of Computed Tabular F 
variation df SS MS F 5% 1% 

Mainialot 

Replication 3 1.522e7 5.074e6 

Water (A) 1 2.179e6 2.179e6 <1 -

Error (a) 3 1.199e7 3.996e6 

Subolot 

Variety (B) 1 4.239e7 4.239e7 10.06* 5.99 13.74 

A*B 1 8.877e6 8.877e6 2.11ns 5.99 13.74 

Error (b) 6 2.570e7 4.283e6 

Sub-subDlot 

Nitrogen (C) 3 2.590e7 8.634e6 2.95* 2.86 4.38 

A*C 3 1.366e7 4.552e6 1.08ns 2.86 4.38 

B*C 3 1.113e7 3.711e6 <1 -

A*B*C 3 1.332e7 4.440e6 1.05ns -

Error (c) 36 1.525e8 4.237e6 

Total 63 3.196e8 

Grand mean 

12294 

Mean 

Ml 

Mean 

12109 VI 

*= significant at 5% level 
of significance 

11480 

M2 12478 V2 13108 ns= non 
1 

significant 
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